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SUMMARY 

The e n t i r e  hypothesis is based upon the assumption t h a t  the  
f l a r e s  iC dxari-atsrs  of later types 
of i n f r a red  quanta of star's na tura l  emission, t h i s  transformation being 
i t se l f  the  r e s u l t  of reverse Compton e f f ec t .  The t o t a l  power of t he  star  
in the  X-ray band is computed on t h a t  basis.  Ayplying i t  t o  type-M2-M6 
stars f o r  various temperatures of the star, and  comparing the r e s u l t s  
with the  t o t a l  f lux  of X-ray quanta emitted by the  so l a r  corona, the 
author concludes t h a t  even w i t h  the assumption t h a t  only one percent of 
the  t o t a l  number of infrared quanta passes i n t o  the X-ray region, the  
power of X-ray emission i n  f l a r e  stars of l a t e r  types is one mil l ion times 
grea te r  than t h a t  of Sun's radiation. 

gests a regular "X-ray patrol" of t h e  sky with the a i d  of special ized 
E a r  t h l  8 X-ray s a t e l l i t e s " .  

may be induced by transformation 

In order t o  ve r i fy  the  hypothesis brought fo r th ,  the author sug- 

8 8 

of later type may be possible sources of X-ray emission from outer  soace. 
W e  have in view the  f a c t  of appearance during some f l a r e s  of the emission 
l ine 4686 1 of the twice ionized helium. This is evidence of the f a c t  
t h a t  a t  time of f l a r e  there  ex i s t  i n  the atmosphere of the given star 
e i t h e r  an ion iz ing  rad ia t ion  ( shor te r  than 2281)  of s u f f i c i e n t  power, 
provided t h e  helium ionizat ion is induced by photons,or equivalent energe- 

t i c  p a r t l c l e s  (e lec t rons)  i f  t h e  ionizat ion is induced by col l i s ions .  

* VSFTKHIVAYUSHCHIYE ZVEZDY KAK VOZMOZHNYY ISTOCHNIK KOSMICHESKOGO 
RE&.(EGENOVSKOGO IZLUCHENIY A . 
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In e i t h e r  case i t  is d i f f i c u l t  t o  amume tha t  the  spectrura of the ion iz ing  
agent is broken ismediately beyond 
the  limit of 228 i ;  i t  may much 
r a t h e r  extend t o  the s o f t  Roentgen 
region ( shor te r  than 100 A). 

in E11 t o  demonstrate t h a t  the 
continuous emission event or the  
foare  i n  dward-s ta rs  of later types 
mag be induced by the transformation 
of in f r a red  quanta of star's natural 
emission. The transformation i t s e l f  
takes place by the s t rength  of the 

An attempt has been made 

Fig. 1. - Theoretical  spectrum in t h e  
far u l t r a v i o l e t  at  f lare  of type=M5 

st- (T 2800' K). 

reverse  Compton-effect, t h a t  & t h e  collision of infrared qaanta with the 
so-called fas t  electrons,  whose energy is only a f r ac t ion  greater  than 
the groper energg (E > 5 l$ ev). Such e lec t rons  appear avove the photo- 
sphere a6 a result of e jec t ion  of i n t r a s t e l l a r  matter. It w a s  shown else- 
where [2] t h a t  the Bame process, tha t  is, the transformation of i n f r a red  
quanta may be the cause of exci ta t ion of hydrogen, helium, and possibly of 
other elements' emission l i n e s  i n  f l a r e  stars. 

bution i n  the continuous spectrum of the type-MS f l a re  s t a r  ( T = 2 800° K) 
at values  p2 = 50 and 100, where y is the dimensionless energy of a f a s t  

e l ec t ron  ( p =t E /mc ). i n  the case most fa- 

vorable for the e x c i t a t i o n  of the line 4686 He 11, t h a t  is, a t  r,' = 100, 

the continuous emission spectrum extende in r e a l i t y  rather Tar 3agoiid the dud. 
helium ioniza t ion  boundary ( 

That  is why the consideration of the problem of X-ray emission by f l a r e  
stars is of i n t e r e s t .  

As an example, we  i l l u s t r a t e d  i n  F i g . 1  the curves of energy d i s t r i -  

2 As may be eeen from Fig, 1, 

<228 1) and reaches the soft Roentgen region. 

The s igni f icance  of the reveree Compton-effect consis ts ,  as is well  
knowx& i n  t h a t  at co l l i s ion  of a quantum w i t h  an electron, whose energg is p, 
there  takes  place a frequency change from 3 ' to  V ,  w i t h ,  a t  the  same time, 
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It follows from t h i s  cor re la t ion  t h a t  f o r  grea t  values of y1 i t  is 
possible t o  obtain an X-ray q u a n t a  of frequency 3 

tum Of frequency 3 ' .  That is why, with a s u f f i c i e n t  reserve of in f r a red  
quanta in the spectrum of the given star and i n  the presence of a ce r t a in  
number of fast e lec t rons  above the photosphere, there may emerge X-ray 

quanta in a number s u f f i c i e n t  t o  m a k e  t h e i r  detect ion possible. 

from any in f ra red  quan- 

L e t  us write, first of all ,  the l a w  of energy d i s t r ibu t ion  in the  

X-ray band of the spectrum. I n  the general  case t h i s  l a w  for an a r b i t r a r y  
frequency 3 has the approximate form 

(2) 1 

where Iv(T, p) 5s the emission intensity in the frequency J of the e lec t ron  

I ,  (t, p) = B,  (T) e-5 -i- p2B,- (T) te-7, 

7 

gas emerging from the layer ;  T iS 
the  e f f ec t ive  temperature of the  
photosphere; 7 is the e f f ec t ive  op- 
t i ca l  thickness of the e lec t ron  gas 
l aye r  : T = u,.q'. where up = G , G 5 .  cv2 

is the Thornson sca t t e r ing  coeff ic iont .  
XU 3.6 the number of fast  electkons 
per l cm of the layer ( Z = 0 at 
the photosphere surface or a t  the 
base of the electron gas layer) .  
Bv(T) and&(T) w e  Planck functions,  
v;li.tli the necessity, at the same tine, 
t o  e f f e c t  i n  t he  second case the  
subs t i t u t ion  v' = v / !t2. 

2 

Fig. 2. - Theoret ical  spectrum in 
the ::-ray band during a powerful 
f la re  of a t y p e - M 5  star ( ~ ~ 2 8 0 0 0 ~ )  

A t  suf f i c ien t ly  great  values 
of p o r  a t  v>v'  we have from (2)  

N L '.L3-BV* (T) TI--:. 1" (f, hl )  - 4 3  . 
Subs t i tu t ing  the value of B (T), we f i n d  

i n t a n s i t y  d i s t r ibu t ion  i n  the X-ray band ' 

(\*;py 
h v  I" (p) - p2 

(3) 

f o r  the law of e n k s i o a  



Note t h a t  although the absolute value of i n t e n s i t y  depend8 in 
t h i s  case on Z (with, a t  the same time, a t  z = 1, IV (T, P) =  IS ) t h e  d i s t r i -  
bution of energy i tself  by frequency is independent from 7 .  

Plot ted  i n  Fig.2 are the values of N found on the  b a s i s  of the 
formula (41, represent ing the number of X-ray quanta (in a r b i t r a r y  un i t s )  
i n  the uni ta ry  i n t e r v a l  of wavelengths emereging at  type-M5 star 's  flare. 
It follows from t h i s  f igure  t h a t  the perceptible p a r t  of staF'8 inf rared  

quanta pass i n to  the  s o f t  Roentgen region ( h -  50 1) already a t  pz = 300, 
t h a t  is, at  e lec t ron  energy E h/ lo7 ev. 
X-radiation maximum is already in 
ev) t h i s  m a x b u m  is s i tua t ed  nea r  A - 5  %. 

7 A t p 2 =  1000 (E - 1.6 10 ev the 
7 

/u 10 - 20 8, and at  p2 = 3000( E~2.8°12v1 

Whakdespite t h i s , i s  the theo re t i ca l  emitting capabi l i ty  of a f l a r e  
etar of, say, type-M5, i n  the  X-ray band, i f  one bears i n  mind the above 
expounded ideas? B u t  in the final resor t ,  the p o s s i b i l i t y  of detect ing the  
given star r e s ides  prec ise ly  &a the qua l i t y  of source*6 X-ray emission a t  
time of its flare.  

The power of X-ray emission of the star at  f l a r e  depends first of 
a l l  on the t o t a l  number . of infrared quanta Nf,  emitted by the star in one 
second. We have : 

where R is the rad ius  of the star 

Let only the  part a 05 the t o t a l  number of in f ra red  quanta Nr be 
passing i n t o  the Roentgen region a~ a ~ e s u l t  of %e F O V P ~ S ~  Cnmpton-effect. 
We s h a l l  then hare for the t o t a l  power of the star, % in the X-ray band 

W e  compiled in the t h i r d  column of Table 1 [next page] the values 
f o r  various temperatures T of the star in the assumption t h a t  only of % 

one percent (1%) 
t he  Roentgen r ad ia t ion  repion, t4?t is OL = 0.01. It w a s  admitted i n  the  
computations that R. =0,4 Ro M 3.:010 CJI 

of the t o t a l  number of the inf ra red  quanta passes in to  

for a l l  the four types of stars. 
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. 1043 2500 M6 1 
3000 M2 ! 1.4 
4000 RD 3.3 

T A B L E  1 
Power of X-ray emission, N 
the flux N 

and of 
of X-ray quanta during flares of Type M6-G1 stars 

1.8 41 0,8 e 1 0  
le'+ 3.1 
3.3 7.5 

5000 01 1 606 606 

A s  follows from the data  of t h i s  Table 1* I ~ R  - 1041 quantum/sec 
as an average of the type M2- M6 6tar6. In order t o  arrive at some repre- 
sen ta t ion  as t o  how great o r  small t h i s  power is, we shall compare i t  with 

energy emitted by the Solar  corona in the X-ray band ( in A N  20 ;> a t  coro= 
na temperature - lo6 OK ist according t o  Elver t  [3]* I@% 5 erdsec,  
or I?@& 5 lo* quantum/sec. Rence it f O l l O W 6  t h a t  the power of X-ray e m i s -  
s i on  during f l a r e  of la ter  type-stars, is one mi l l ion  times grea te r  (Table11 
than the  power of Sun's X-ray emission even at a = 0.01. 

the integral. flux of X-ray qtxazta emitted by the solar corona. The t o t a l  

Denoting by E the distance from the f l a r i n g  star  t o  ust  we s h a l l  
have for t he  X-ray f l u x  Nr,having reached the ground observer 

14.5 

According t o  Haro [&],the individual  f l a r e  star of t h e  type Uv of 
Cat-,s =e sitaatea Fn the zone around the Sun, of which the radius is ~ 2 0 ~ 6 .  

That is why we s h a l l  admit 

we compiled the values of Nr, computed with the  a i d  of (7) : 
average Nr - 3 quantum/cm2 0 sec for stars of l a t e r  types and at a = 0.01. 

This  value is within the  threshold response of the bes t  X-ray detectors  
appl ied f o r  the  detect ion of point or extended sources  of cosmic X-ray 
rad ia t ion .  

1: = 6  I O l 9  cm. I n  the l a t t e r  column of Table 1 
we obtain as am 

A s  is wellknownt the best  s tudied f l a r e  stars are s i t ua t ed  a t  only 
a dis tance  of  7 ps from the Sun [:],Then, the estimate made by us can be 

increased by near ly  one order. 
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Are there  any p r a c t i c a l  p o a s i b i l i t i e s  of ver i fy ing  the hypothesis 
brought f o r t h ?  Leaving aside the theo re t i ca l ly  possible,  the Bl06t d i r ec t ,  
but SO far very Messily-materialieable means of ver i fy ing  t h i s  assumption, 
t h a t  is, the  launching of a rocket Hith X-ray detectors  aboard beyond the 
l i m i t s  of the Earth’s atmosphere a t  the time of f l a r e  of any star, we may 
indicate the  following ind i r ec t  poss ib i l i ty ,  

above concensus, may appear i n  stars of later types only a t  time of t h e i r  
flares; during the remaining time there  w i l l  be no such emission, That AS 
why, by r e a l i z i n g  a regular  scanning of the sky i n  the X-ray band- a sort 
of ‘X-radiation patrol*’ with the help of special ized ‘*X-ray s a t e l l i t e s  It of 
the  Earth, we s h a l l  be able t o  detect  among them the var iables ,  provided 
of course they exis t .  And although the  v a r i a b i l i t y  of any Roentgen source 
of c o s d c  o r ig in  may be induced by other  cause6 too ,  we shall nevertheless 
be able t o  assert with a s u f f i c i e n t l y  high probabi l i ty  t h a t  they may be 
f lare  stars, 

The f a c t  of the matter is t h a t  the X-ray emission, according t o  the 

***  T H E  END t t t  
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